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ABSTRACT

Introduction Total mesorectal excision (TME) has been
the gold standard for the surgical treatment of mid-low
rectal cancer, but traditional TME removal of Denonvilliers’
fascia (DVF) is too low and is prone to damage the
connecting branches of the bilateral neurovascular
bundles, which can lead to posturogenital dysfunction.

A recently published multicenter randomised controlled
trial revealed that TME with complete preservation of DVF
(CP-DVF) has protective effects on postoperative urogenital
function for male patients with rectal cancer with specific
staging and location (preoperative staging T1-4N0-2M0,
but T1-2 for anterior rectal wall). Our previous studies have
confirmed that TME with partial preservation of DVF (PP-
DVF) could also achieve satisfactory results regardless of
the circumferential location of the tumour. However, there
is a lack of randomised controlled trials to prove that the
efficacy of TME with PP-DVF is equivalent to that with CP-
DVF with respect to postoperative urogenital function.
Methods and analysis This study is a prospective,
multicentre, equivalent design, open-label randomised
clinical trial in which 278 male patients with low

rectal cancer will be recruited from 11 large-scale
gastrointestinal medical centres in China. Patients will

be randomly assigned to undergo PP-DVF or CP-DVF. We
will test the hypothesis that PP-DVF is similar to CP-DVF
with respect to sexual function at postoperative month 12
(5-item version of the International Erectile Function Index
Questionnaire and ejaculation function classification). The
secondary outcomes include the assessment of urinary
function, surgical safety and oncological outcomes.
Ethics and dissemination This trial has been approved
by the Institutional Review Board of Fujian Medical
University Union Hospital (2020YF016-01) and is filed on
record by all other centres. Written informed consent will
be obtained from all eligible participants before enrolment.
The trial’s results will be disseminated via peer-reviewed
scientific journals and conference presentations.

Trial registration number ChiCTR2000034892.

Strengths and limitations of this study

» This is the first multicentre randomised trial on this
topic.

» This study is a prospective multicentre randomised
controlled trial that increases the external validity of
the findings.

» An essential strength of this study is its applicability
in daily clinical practice, as well as the pragmatic
nature of the study.

» The main limitation in this study is that it will be rel-
atively difficult to complete the recruitment quickly
because factors such as age and neoadjuvant ther-
apy affect preoperative urogenital function.

INTRODUCTION

Rectal cancer is one of the most common
cancers worldwide.! The principle of total
mesorectal excision (TME) proposed by
Heald et al’ has now become the gold stan-
dard for the surgical treatment of mid—low
rectal cancer, reducing local recurrence rates
and improving long-term survival.” However,
more than 50% of patients have urogenital
dysfunction after traditional TME,4 5 which
significantly reduces the quality of life of
these patients. Injury of the pelvic auto-
nomic nerve (PAN) during TME is the most
important factor of postoperative urogenital
dysfunction. Therefore, preservation of post-
operative urogenital function by modifying
the surgical approach for TME has attracted
much attention.

Traditional TME requires dissection in
front of Denonvilliers’ fascia (DVF), while
bilateral neurovascular bundles (NVB) are
located anterior to the lateral sides of the
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DVF. To avoid intraoperative damage to the NVB, an
‘inverted U-shaped’ excision of the DVF just above the
point of adherence of DVF to the back of the prostate was
proposed by Heald et al’ in 2003. Although oncological
outcomes are satisfactory,’” postoperative erectile dysfunc-
tion occurs in up to 40%-77% of patients, and the inci-
dence of ejaculation dysfunction is 28%-42%.? Because
the excision level of the DVF is too low, it may damage the
connecting branches of the bilateral NVB.

Recently, dissection behind the DVF, TME with complete
preservation of the DVF (CP-DVF), was proposed by
some researchers.'” "' A recently published multicentre
randomised controlled trial'® revealed that CP-DVF has
protective effects on postoperative urogenital function
for male patients with rectal cancer with specific staging
and location (preoperative staging T1-4N0-2MO0, but T1-2
for anterior rectal wall). However, it is still controversial
whether this surgical procedure is suitable for advanced
tumours of the anterior rectal wall. Moreover, we found
that the DVF was closely fused with the proper fascia of
the rectum at the lowest level of peritoneal reflection."
CP-DVF by incision at the lowest level of peritoneal reflec-
tion may have difficulty ensuring the integrity of the
proper fascia of the rectum.

Based on a better understanding of the anatomy
and histology between the DVF and NVB,"” '* we have
proposed dissection in front of the DVF with partial
preservation (PP-DVF)."” 77 Briefly, the dissection
commences at lcm above the peritoneal reflection,
ensuring that the surgical plane is in front of the DVF.
On the one hand, it enlarges the pelvic floor space for
surgery, especially for patients with a narrow pelvis or
obesity. On the other hand, itis beneficial for the surgeon
to form good operative tension by pulling the resected
peritoneal reflection. Subsequently, dissection is carried
outin front of the DVF, and an ‘inverted U-shaped’ exci-
sion of the DVF approximately 0.5 cm above the base of
the seminal vesicles is required for better preservation
of the bilateral NVB and its branches. Finally, dissec-
tion is completed behind the DVF until a safe margin
below the tumour is achieved. This approach helps to
maintain the integrity of the proper fascia of the rectum
and is suitable for tumours in any circumferential loca-
tion. Our previous retrospective study'>™® revealed that
TME with PP-DVF was effective in protecting postop-
erative urogenital function with satisfactory oncolog-
ical outcomes. However, there is a lack of randomised
controlled trials to prove that the efficacy of TME with
PP-DVF is equivalent to that with CP-DVF with respect to
postoperative urogenital function.

Thus, we will conduct a prospective, multicentre,
randomised trial to evaluate the effects of PP-DVF and
CP-DVF during TME on postoperative urogenital func-
tion in male patients with low rectal cancer. In addition,
surgical safety and oncological outcomes will also be eval-
uated. This study will provide high-grade evidence for
the surgical approach of TME in patients with low rectal
cancer.

Patients recruitment

—)I Exclusion criteria |

n=278

|

Randomization with 1:1 ratio

Arm B

TME with partial TME with complete
preservation of DVF (n=139) preservation of DVF (n=139)

! L

Primary endpoint:

Arm A

Sexual function at postoperative month 12 ( IIEF-5 and ejaculation
function classification)

Secondary endpoint:

1.Urinary function (IPSS and bladder residual urine volume)

2.Integrity of the mesorectum; Distance and pathology of surgical margins
3.30-day postoperative morbidity and mortality

4.3-year and 5-year OS

5.3-year and 5-year DFS

6.Types of recurrence at 3 years and 5 years

| |

Intention-to-treat Per-protocol
analysis analysis

Figure 1 Flow chart of the study. DFS, disease-free survival;
DVF, Denonvilliers’ fascia; IIEF-5, a 5-item version of the
International Erectile Function Index Questionnaire; IPSS,
International Prostate Symptom Score; OS, overall survival;
TME, total mesorectal excision.

METHODS AND ANALYSIS

Study description

This study is a prospective, multicentre, equivalent design,
open-label randomised clinical trial that will recruit 278
male patients with low rectal cancer (139 patients in the
PP-DVF group and 139 patients in the CP-DVF group)
from 11 large-scale gastrointestinal medical centres in
China. The study flow chart is shown in figure 1. The study
is designed on the hypothesis that PP-DVF is similar to
CP-DVF with respect to sexual function at postoperative
month 12 (5-item version of the International Erectile
Function Index Questionnaire19 (ITIEF-5) and ejacula-
tion function classification) for male patients with cT1-
3NO0-2MO or ycT1-3N0-2MO low rectal cancer. Secondary
outcomes include assessment of urinary function, surgical
safety and oncological outcomes. Participating surgeons
have rich experience with robotic or laparoscopic proc-
tectomy and have performed over 50 TME procedures
before. They were trained in surgical technique of inter-
vention including PP-DVF and CP-DVF through training
workshops before allowing participation and patient
recruitment. To ensure the quality of intervention, at least
10 unselected, consecutive cases with PP-DVF or CP-DVF
will be collected from each participating surgeons prior
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to acceptance to the trial. Their surgical technique
and radical resection skills have been recognised by an
academic committee.

Participant recruitment and eligibility
Recruitment began in November 2020. Patients will be
enrolled based on the following eligibility criteria:

Inclusion criteria

1. Man, 20<age (years)<70, with informed consent;

2. Pathological diagnosis of rectal adenocarcinoma;

3. Low rectal cancer (primary MRI showed that the lower
margin of the tumour was <7 cm from the anal verge);

4. Preoperative staging of cT1-3N0-2MO or ycT1-3N0-2M0
rectal cancer (American Joint Committee on Cancer
(AJCC)-eighth edition);

5. Preoperative heart, lung, liver and kidney functions
can be tolerated for surgery;

6. 6.Preoperative American Society of Anesthesiologists
(ASA) grade I~I11;

7. Undergoing elective TME surgery for colon-rectal or
colon-anal anastomosis;

8. Normal preoperative genitourinary function, in-
cluding erection function (IIEF-5 >21), ejaculation
function classification (level I) and urinary function
(International Prostate Symptom Score (IPSS) <8).
(For patients undergoing neoadjuvant chemoradio-
therapy (nCRT), the genitourinary function was as-
sessed after nCRT and before surgery. )

Exclusion criteria
1. Simultaneous or heterogeneous (within 5 years) ma-
lignant tumours;
2. Patients with acute ileus, perforation, haemorrhage
or other conditions requiring emergency surgical
resection,;
. A history of pelvic and urinary major operation;
. Severe mental illness;
. Critical organ dysfunction, unbearable surgery;
. Unstable angina, myocardial infarction, cerebral in-
farction or haemorrhage within 6 months;
7. Systemic corticosteroids or immunosuppressive med-
ication history within 1 month;
8. With other diseases that need surgery;
9. Pre-existing true incontinence or severe stress uri-
nary incontinence;
10. No sexual life or inability to cooperate with a physi-
cian to complete a functional evaluation;
11. The presence of contraindications for laparoscopic
or robotic surgery.

S Ot W 0

Randomisation and blinding

Eligible patients will be randomised into the PP-DVF
or CP-DVF group at a 1:1 ratio. Participants will be
randomised using a block randomisation model (block
size 6). Computer-generated, random-number tables
will be prepared by an experienced statistician. After
obtaining baseline data, allocation of treatment will be
performed by the computer system, and allocation results

will be provided to the surgeon in a concealed enve-
lope the day before surgery. The patients, research assis-
tants involved in data collection and follow-up, and data
analysts will be blinded.

Treatment

Laparoscopic or robotic TME surgery will be performed
in accordance with the Chinese Protocol of Diagnosis
and Treatment of Colorectal Cancer (2020 edition)®’ and
the National Comprehensive Cancer Network (NCCN)
Clinical Practice Guidelines for Rectal Cancer (Version
2, 2018).%" All patients were evaluated by preoperative
staging work-ups including a digital rectal examination,
colonoscopy, chest radiography, endorectal ultrasound
examination, abdominopelvic CT and pelvic MRI. To
enable consistency in preoperative staging, dual reporting
of images was used. The standardised MRI structural
reporting for rectal cancer recommended by the national
guidelines® was used in this study, including tumour size,
the distance between the lower margin of the tumour
from the anal verge, the distance of the tumour to the
circumferential margin and so on. The clinical and patho-
logical stages were determined according to the AJCC-8
tumour, node, metastases classification. Eligible patients
were randomly assigned to the experimental group or the
control group. To ensure the homogeneity and quality of
surgery, unedited video recordings of each procedure
will be stored for reference and mandatory intraoperative
photographs of specific fields to verify PAN protection
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Figure 2 Surgical sketches. (A) Partial preservation of
Denonvilliers’ fascia (DVF); (B) complete preservation of DVF.
NVB, neurovascular bundles.
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will be obtained illustrating (1) the area of ligation of the
inferior mesenteric artery, (2) the area of bilateral hypo-
gastric nerve, (3) the location of dissection of the perito-
neal reflection, (4) the excision level of the DVF, (5) the
anterior rectal wall and DVF area and (6) the front and
sides of the gross specimen.

Intervention of the experimental group: PP-DVF

The dissection will commence 1cm above the perito-
neal reflection (online supplemental video 1). Subse-
quently, dissection is carried out in front of the DVEF,
and an ‘inverted U-shaped’ excision of the DVF approx-
imately 0.5cm above the base of the seminal vesicles is
required for better preservation of the bilateral NVB and
its branches. Finally, dissection is completed behind the
DVF until a safe margin below the tumour is achieved
(figure 2A, online supplemental video 2).

Intervention of the control group: CP-DVF

After dissection 1cm above peritoneal reflection, the
dissection is performed behind the DVF until a safe
margin below the tumour is achieved (figure 2B, online
supplemental video 3). In this plane, the seminal vesicles
are not visible and are covered with the thickened and
bright DVF.

Data collection

We designed a case report form (CRF) for researchers
to fill out the information of the patients during the
study. When patients are enrolled in this study, two
data managers staff members and one independent
quality monitor will be assigned to collect relevant data,
including demographic information, ASA score, labora-
tory tests (full blood count, blood biochemistry, tumour
biomarkers, etc), imaging examination findings (CT or
MRI), colonoscopy results, IIEF-5b and IPSS question-
naires, ejaculation function grading and bladder residual
urine examination data. Perioperative data will be regis-
tered by scientific nurses and monitored by a quality
monitor. After discharge, a b-year follow-up is required.
The follow-up and functional evaluation schedule for the
study is shown in table 1. For patients with ¢T3/T4aNOMO
or cT1-4aN1-2MO disease, nCRT will be used under the
guidance of experienced oncologists. nCRT consists of
a dose of 45-50.4 Gy/25-28-fraction radiotherapy and
concurrent chemotherapy with capecitabine (825mg/m”
by mouth two times per day, 5—7days a week, a total of
5 weeks). After nCRT and before surgery, only patients
with a downstaging stage of ycT1-3 can be included in this
study, but not ycT4. Surgery will be performed 8 weeks
after the last dose of radiotherapy. For patients with nCRT
or pathological tumour stage Il or higher, adjuvant chemo-
therapy with a 6-month scheme of XELOX (oxaliplatin:
130mg/m?® intravenous drip d1; capecitabine: 1000 mg/
m® by mouth two times per day d1-14, repeated every 21
days) will be performed. Adverse events during chemo-
therapy will be recorded on a CRF document. We use the
Common Terminology Criteria for Adverse Events V.4.0

formulated by the National Institutes of Health National
Cancer Institute to classify adverse events during adjuvant
chemotherapy.*

Sample size

The sample size for this study was calculated based on the
ITEF-5 scores at postoperative month 12. In our previous
study, the mean IIEF-5 score of the CP-DVF procedure
was 19.95 (SD: 4.95).17 The corresponding score of the
PP-DVF procedure was 16.63 (SD: 6.28)." According to
the equivalent study design, the sample size was deter-
mined using a significance level (alpha) of 0.05 and a
power (beta) of 90%. The equivalent threshold of 15%
is clinically acceptable. PASS V.15.0 software was used to
calculate sample sizes of 111 with a 1:1 ratio in each group.
Considering a possible 20% rate of loss to the follow-up,
278 patients (139 patients in the PP-DVF group and 139
patients in the CP-DVF group) are needed to accomplish
the goal of this study.

Statistical analysis

Continuous variables will be presented as the mean+SD,
and categorical variables will be presented as numbers
(percentages). Data with a skewed distribution will be
presented as medians (IQRs). Student’s t-test or the
Mann-Whitney U test will be used to compare continuous
variables. Categorical variables will be compared using x
tests or Fisher’s exact test. Survival data will be analysed
according to the Kaplan-Meier method, and differences
in survival will be tested by the log-rank test. All analyses
will be conducted on intention-to-treat and per-protocol
bases. A two-sided p<0.05 is set for significance. Statistical
analysis will be performed using SPSS V.25.0 software
(SPSS).

Patient and public involvement statement

The patients and the public will not be involved in
the design, conduct, reporting and dissemination of
the study. We will disseminate the trial results via peer-
reviewed journals and conference presentations rather
than notifying every single patient. Indicators of subjec-
tive feelings, such as questionnaires about the IIEF-5 and
IPSS, will be acquired by patients’ self-report.

Ethics and dissemination

This trial has been approved by the Institutional Review
Board of Fujian Medical University Union Hospital
(2020YF016-01). We have registered the study on http://
www.chictr.org.cn. Written informed consent (online
supplemental appendix 1) will be obtained from all
eligible participants before enrolment. Trial results will
be disseminated via peer-reviewed scientific journals and
conference presentations.
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